


Patency of Superhydrophobic Vascular Grafts

Discussion with Reviewers

S.L. Goodmamn: The contact angle analysis was done on
sheets of PTFE rather than the e-PTFE graft material.
Since topography influences surface energetics, how
does the morphology of these materials compare? Does
the sheet material have the same "hairy" morphology?
Authors: Images of the hydrophobically treated sheet
material can be seen in a recent paper by Busscher ef al.
[Cells and Materials 1 (3), 1991, 243-250]. The porosi-
ty of the PTFE indeed has some influence on contact
angles. The e-PTFE consisting of nodes and fibers will
result in a H,O-contact angle of appreximately 120°.
After treatment, the nodes will be covered with the same
hair-like structures as on the sheet material. This results
in an additional increase in hydrophobicity to approxi-
mately 150°.

S.L. Goodman: What is the orientation of the hairs?
Is this orientation dependent on the direction of etching?
Are there directional effects with respect to blood flow?
Authors: The orientation of the hairs is indeed depend-
ing on the direction of etching. As can be observed, the
etching angle was 30°. We have not yet performed ex-
periments to verify the dependence of hair-direction on
blood flow.

S.L. Goodman: What are the mechanical properties of
the hairs? Is there any evidence that they are removed
by the flowing blood, or are introduced into the blood
subsequent to the mechanical stress produced by the su-
turing of the anastomoses? Finally, does the creation of
this "surface" treatment affect the mechanical properties
of the e-PTFE grafts?

Authors: The surface treatment does not influence the
mechanical properties of the e-PTFE prosthesis as veri-
fied in stress-strain determinations. We have no indica-
tions at all that the hair-like structures are removed by
the blood stream. The hair-like structures can only be
removed by higher mechanical force (e.g., with a knife).

S.L. Goodman: The hair-like structures of the treated
materials provide a surface which could readily trap air
bubbles, which in turn could influence the biocompati-
bility of the grafts and/or the contact angles of the PTFE
sheets. Was this not a problem, or was the material de-
gassed prior to implantation and/or surface analysis?

Authors: Contact angles were measured using the ses-
sile drop technique (in 100% humidified air). The influ-
ence of air-bubbles is only apparent in the captive bub-
ble technique. The grafts were not degassed prior to
implantation. However, the immediate protein deposi-
tion apparently prevents the complications you describe.
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S.L. Goodman: A thin layer of adsorbed protein, of 50
pm, was described on the explanted grafts. This is ac-
tually very thick with respect to the dimensions of pro-
teins since 50 pm is sufficient to encompass hundreds of
monolayers of adsorbed protein and/or many layers of
adherent platelets. Please comment.

Authors: The fibrous-proteinaceous layer consisted not
only of fibrin/protein deposits, but also of entrapped
platelets. Nevertheless we believe that preferential
adsorption of specific proteins (Albumin) will occur in
large amounts. We discussed this issue with Dr. R.
Eberhart, who also observed deposition of multilayers of
albumin on very hydrophobic surfaces. As you can ob-
serve in Fig. 6, indeed a mixture of approximately 10-15
layers of platelets, surrounded by fibrous/proteinaceous
layers can result in a 50 pum thin layer to cover the
surface.

C.J. Doillon: Since other previous studies have been
performed on a minimal 40 days period, it will be nice
to have more data after 1 week as mentioned by the
authors at the end of the Discussion section.

Authors: We have been implanting several more treated
grafts, which are now still patent after more than 9
months. Within a few months, we will report on these
results.

C.J. Doillon: Could you explain the observation of
dead platelets? Is there a cytotoxicity effect? Is it due
to the death of platelets after releasing?

Authors: Dead platelets are predominantly observed
deeper within the fibrous-proteinaceous layer (see Fig.
6). Cytotoxicity studies have shown no cytotoxic effect
of the treated surface on cells. The effect may be
caused by releasing as you explain, but apparently the
release is never in large amounts to elicit a major
clotting process.

C.J. Doillon: About the platelet activation: Have you
done some in vitro tests of platelet activation or adhesion
on the surface of your superhydrophobic prosthesis?

Authors: At present no in vitro platelet activation data
on the superhydrophobicly treated e-PTFE are available.



